In a previous work, an automated alcohol dehydrogenase method for the quantification of ethanol in whole blood (blood) specimens was presented. In the present work the application of the method to urine specimens has been investigated. Also, method robustness to routine analysis of urine and blood specimens during a period of eight months is shown. The limits of detection and quantification for urine were 0.0012 g/dL and 0.0042 g/dL, respectively. Relative standard deviations for the repeatability and within-laboratory reproducibility were in the ranges 1.4-4.1% and 1.8-4.6%, respectively. The method was compared with two headspace gas chromatography-flame ionization detection methods using authentic forensic urine specimens (n = 305) and blood specimens 
Introduction
The enzymatic methods utilizing alcohol dehydrogenase (ADH) enzyme are well-known and frequently used for the analysis of ethanol in biological specimens (1) (2) (3) (4) (5) (6) . ADH oxidizes ethanol to acetaldehyde, converting the coenzyme nicotinamide adenine dinucleotide (NAD) to its reduced form NADH. The conversion of NAD § to NADH results in an increase in absorbance at 340 nm that is proportional to the ethanol concentration. A modification is the radiative energy attenuation assay in which ethanol is determined by the combined ADH reaction and diaphorase to generate a color change in a dye (7) (8) (9) .
In a previous report (1), we reported an automated enzymatic ADH method for ethanol determination in forensic blood specimens on Hitachi 917 (Roche, Mannheim, Germany). The objective of the present study was firstly to investigate the suitability of the ADH method for ethanol determination in urine specimens. Secondly, method robustness was investigated by analyzing authentic urine and blood specimens over a period of eight months. External quality control (QC) specimens were included in method evaluation.
Materials and Methods

Sample preparation and ethanol analysis on Hitachi 917
Aliquots of 100 I~L (urine, blood, or aqueous standard) stored in bar-coded tubes (Neutrex Disposable culture tubes, 12 mmx 75 ram, Scherf, Meiningen-Dreissigacker, Germany) were mixed with 900 lJL 0.38M perchloric acid (Hamilton dispenser HA4, Microlab | plus 1000, Hamilton, Bonaduz, Switzerland) on a Whirlimixer. Shortly before analysis, the specimens were centrifuged at 3000 rpm (1670 xg) for 10 min (Megafuge 2.0, Heraeus Sepatech GmbH, Osterode/Harz, Germany), and the tubes were then placed directly in the Hitachi 917 instrument for ethanol analysis. Method parameters are described elsewhere (1).
Specimens
Spiked specimens. Ethanol-free urines were obtained from the staff of Norwegian Institute of Public Health Division of Forensic Toxicology and Drug Abuse (NIPH) (Oslo, Norway). They were screened for ethanol and other alcohols by headspace gas chromatography-flame-ionization detection (HS-GC-FID) to ensure alcohol free specimens prior to spiking with 99.8% ethanol (Merck, Darmstadt, Germany). The specimens were stored at -20~ (long term) and 4~ (short term).
Authentic specimens. Urine specimens from living persons were received in 20-mL Sterilin vials (Bibby Sterilin, Aberbargoed, Wales) without any addition prior to urine collection. In postmortem specimens, potassium fluoride was added. Forensic blood specimens from living persons were received in 5-mL Vacutainer | vials containing 20 mg sodium fluoride and sodium heparin 75 USP units (BD Vacutainer Systems, Plymouth, England). No postmortem blood was included. All specimens were stored at 4~ prior to analysis.
Quantification
The calibration curve used for quantification of urine and blood specimens was established daily by analyzing a blank aqueous specimen and one aqueous calibration standard at the concentration of 0.1559 g/dL with two replicates at each calibration point. The calibration standard was prepared inhouse and stored in air-tight glass ampoules at 4~
Method validation
Limits of detection (LOD) and quantitation (LOQ) were determined by analyzing 5 different ethanol negative urine specimens on 10 successive days and were set to the mean of the negative specimens plus 3 and 10 standard deviations (sd), respectively. Repeatability was estimated analyzing in one run spiked urine specimens (n = 10; 0.0100 g/dL and 0.2066 g/dL). Within-laboratory reproducibility was estimated by analyzing the same specimens on 10 successive days, 1 replicate each day. Accuracy was defined as the percent difference between measured and theoretical concentration.
Method comparison was carried out with authentic forensic urine and blood specimens containing ethanol, first analyzed by the presented ADH method and then by the two reference HS-GC-FID (PerkinElmer, Wellesley, MA) methods modified from the application note from Restek corporation (10) . A 100-1JL specimen was added to a HS vial and diluted with 1000 I~L internal standard solution (1-propanol or 2-methyl-2-propanol).
The cutoffs were 0.010 g/dL for urine and 0.004 g/d for blood L. The reference methods were linear up to 0.5 g/dL. Positive specimens were defined as those having an ethanol value equal to or greater than 0.010 g/dL for urine (cutoffADH) and 0.002 g/dL for blood (LOQ ADH) after ADH Hitachi analysis. The method comparisons were carried out during an 8 months period of routine analysis. Passing-Bablok regression (11) was used to investigate agreement between the methods, utilizing "Analyse-it" for Microsoft Excel vl.68 (Analyse-it Software LTD, Leeds, U.K.). A 95% confidence level was used.
The external QC specimens from Heath ControI-UKNEQAS & Toxicology schemes, urine and blood ethanol (Cardiff Bioanalytical Services Ltd., U.K.), were used to evaluate the method. The QC specimens covered low to toxic concentrations of ethanol. The samples were stored at 4~ prior to analysis.
Results
Method validation
In urine, the LOD and LOQ were calculated to be 0.0012 g/dL and 0.0042 g/dL, respectively. Repeatability, within laboratory reproducibility and accuracy were satisfactory (Table I) . Figure 1 shows the method comparisons of (a) 305 positive urine specimens in the concentration range 0.01-0.48 g/dL 
The results of the external QC specimens (Table II) were in accordance with the theoretical concentrations.
Discussion
The enzymatic ADH method for determination of ethanol in urine and blood specimens has been in daily use for the last eight months. A high correlation (> 0.989) between the ADH and reference methods was obtained, but a small, statistically significant underestimation of the ethanol concentrations for both matrices were observed with the ADH method. Sutheimer et al. (5) have reported similar underestimations with the Syva ETS-Plus Ethyl Alcohol Assay. They suggested that the deviation most likely was a result of the difference in the number of calibration points. This may also be valid for our method using a single-point calibration curve in the lower concentration range (0-0.1559 g/dL) compared to the reference HS-GC-FID methods with a seven-point quadratic equation calibration curve for the range 0.004-0.5 g/dL. In addition, a different calibration curve fit might improve the accuracy of the method.
For urine the deviations between the ADH and reference methods is usually of little practical importance, measuring 0.1456 g/dL by the ADH method instead of the reference method concentration of 0.1500 g/dL Also for a quantitative screening of blood the difference is normally of minor biological and clinical importance. However, it should be kept in mind that the ADH method is non-specific with respect to higher alcohols (1) . Therefore, specific methods must be used when there is a need to identify the components, and in forensic cases it is mandatory. Also, in a forensic case a lowered blood ethanol concentration could in some cases give a fine instead of imprisonment after driving under the influence of ethanol. An accurate confirmation method is therefore essential.
NIPH receives blood specimens related to the suspicion of driving under influence of drugs and alcohol. In 2003 about 42% of the received specimens (n = 7400) were ethanol negative. Use of the ADH method for rapid quantitative screening was therefore economical. The screening positive specimens were then confirmed with the reference HS-GC-FID methods (10) . The use of two completely different methods fulfils the requirement in forensic toxicology to substantiate a positive result.
Conclusions
In conclusion, the automated enzymatic ADH method has proven to be suitable and highly efficient for a quantitative screening of ethanol. The results of the external quality control specimens confirmed that the method was acceptable for ethanol determinations in urine and blood specimens. When used for forensic applications, the method should always be combined with a different method in order to confirm a positive ethanol result.
